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AND THE MANUFACTURE 

(5 7) Abstract: 

PURPOSE: To provide a method of growing a compound 
semiconductor, which ensures a compound 
semiconductor having a good crystallinity and a low 
resistivity, and to provide a light-emitting device of the 
compound semiconductor which has good electric and 
optica! characteristics by utilising the method for 
growing the compound semiconductor, in addition to the 
manufacture of the tight-emitting device. 
CONSTITUTION: A Gal-xAlxN layer (0-x f y 1) is formed 
by adding a group 111 element, e.g. In, having a larger 
atomic radius than Ga and Al and compression distortion 
is given to a crystal to be formed, and it \o made possible 
to reduce expansion distortion in the crystal caused by a 
nitrogen vacancy hole. As a result, concentration of free 
electrons in the crystal, as shown in the graph, is 
reduced, and a compound semiconductor which has a 
good crystallinity with few lattice defects. 
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MNUtl] J&SSBftTGai-r A l.NJKOsSxS 

RGai-.Al.Nlt. IfWGaS^A lit)* 
*#V>IIIJ8=7G^£ 1X1 O l 'cr'^6 7 x 1 0 22 cnr 3 

M**2] ttEGai-.A 1 , N*SriEftf*IRfc. 

f*— jRM**j*-e>yr«, »*aiE«o<b^4» 

JO 

[M&S3] «rt2Gai-.A 1 . NASA*? SIR iC, 

[»*«4] ^Sggrt-?In,Ga,Al.- t .,NB 
( 0 Sx, yS 1 ) S**flS-&**»«:Ori6ft*jtK: 

SI n,Ga,A h-.-.NfC, Ig^ #S#N «t0 
€f ^VJSot^S 1 x 1 0 17 cr'*»6 1 x 1 0 z3 cm" 3 ST 

[S^S5] iEln,Ga t Ali-..,NISifit 

©fc£«j¥*#©£ft:*i£. 

[W^«6] WEI n, GarAli — ,N«*j«*-r 

4 E*©4b£ft i l s 3MI«0#&frJ*. 

W*S7] K?¥«**N.fc9fc:*:lfV>Vj£7G*§l 
x 1 0 17 cm- 3 ^S 1 x 1 0"ci- 3 £T-cD2§^ffiH£:tt§s 
JnLT. jjfcg£Bl*nM n,Ga,Ali-.-,NI(0^i, 
ySDS/fcBS-frSISt, 30 
SI ntGa,A li-,-rNl^fiJfflLTPN«-&Sr3gBE 

X 1 D 17 CDr s X>e 1 X 1 0 23 ci- 3 £-?©«««fili/fttgs 

fn?I n, Ga, A 1 i-.- T NH ( 0 ^x,y£ 1 ) £j&63-tt 
SlSfc, 

5 I n, G a, A 1 i-,-,NJf Srfijffl LTPNJS-&«rffl?J$ 

[B#fi9] K ; f*gjS«NJ:D'b**V»V»7C**l 40 
X10»n-'*f,ixi 0 33 cffi- 3 St?©ja^«5Hfc%t^ 

gggftTM n,Ga,A li-,-,Ni(0^i,y^l)« 

SI n,Ga,A li-i-yNl*flJffltrPNS-&S^ 

t sis t ^trtb^^wftset^poaiaDEr a. 

[0 0 0 1] 50 



®M¥5-2 436 14 

2 

W*±©»ffl»»3 *»Wtt. Gai-.Al, NB(0 
Sx£l)3ttil n,Ga,Ali.,-,NS(Oix,y^l)l 

L < OH Att^JUSF Tffift¥©ffiWt£-«l#2I#©J£g 
[0 0 0 23 

[«E5t5©S«3 G a N (gfctf'J^A) ttIII#l7G*"C 

BfrfciSJIWBJIMHrcftoT. iIT3.3 9eV 
8*©BIWlMIfttf 3 6 6 nmSS©tf-^Sft<£*T 

[00033 ua»u f^-f^- y 

t)*»CL/fc^t)i3>SPN»-&^Sn?*S^, ft#ttG 
aN*>6J4*PS!liJI«Wfi-r5Ci:ttH«T*r>fc. 
^•©SE&li. GaNtt«W#«*»**V»&», **tt* 

TMUcNSi«fcfcD, b*» *>■€■© a 

[0 0 0 43 P»»**1»*fcJ&fc, Mgf(07 

jrt^-TIMfc*P-lf>yLTGai-iAIiN(0 

BS^#AetlS. "rftfr^ Gai-.A1,N(0^ 

ig£u *«»©i^w;:ifc«tt©s#4*.&n, c© 
i«wt©a©&»ic, ?*- K>y3n&7f 

K*i4GaatfAi©l&?ttBCAD«<ttD, -e©fc 
[0 0 0 53 

[%W*i»ftbJ:5i:-r5»S3 £©J:5fcF»llg£*& 
TS&iMtbt, W^JiJapanese lournal of Appl 
ied Physics 28(1989)p2112-p2114KH^£ttfc:£ r &# 

Sttfcf S#8rT?i&?T, MgtF-^lxfcGaN©? 

;i-a cB^suit-rs rtiaotp 

B2X 1 0 16 cn- 3 t^i:l,TiiS^m> fi*Y'J7'«ft 
•cafe*. JrcPSHSfiSltsTfiiSSn&aft^-f 
F (LED) ifll «ttB#-e§83tLT^S#3MS#JS 
<> B«Mfctt©&#a^&©WBfc*oTV>*. 
[0 0 0 63 COJ:5fclSe*Ott«Tl4, MSPNffi 
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it*t» e. *>© £HiiT£ &#> -3 & o^attTfe & . 

[0 0 0 7] #§8iJltt, ±|B©^j|@£«ifcT« : &©-Cfe 

©asm »K«fi»©jMFa:p«ii»«»ii6n«ft 

[0 0 0 8] Sfc. *»W©«©B«tt. «ft«ft«* 

stuwscfccw. w 

[0 0 0 9] 

JfcfijfrStt. «fi«ffiT?Gai-,Al,NKOSxS' 
l)fcJ*ft3-S*IBifc. KGai-.Al.NSl:, 
&#Ga&tfAl£9fc*£^ni;&7Gifl£lxi 0 17 c 

-5. 

[0 0 10] *fc, *»W©flS-&»**#©J5fe*#8f 
tt, ^Siil^T I n, G a, A h-.-, Nl( 0 ^x,y^ 39 
DS^fiStSBlC, Kln.Ga,Ali-.,Nll:, 
¥ftfi«N,fc 0 ^ lxio»er»» 

e. i x i o"cr s s-e©jBS«ffl«^JnT*xas'& 
[ooii] wia©v>rn©ft;^**»#*fi6ft"r«B 

[0 0 12] 4fc. ♦JgWOfc^ttiMW****^©* 
Jfi*fttt. K^*ffi«»NJ:0t)**V>V«S7C*S 1X1 5<? 

o 1 7 cm- ! e> i x i o 2 3 cd- 3 $t ©affifsfflje ttssflo l 

T, (SSgBrtTIn.Ga,Ali.,-,Nl(0^i,y^ 
l)£j&fii*-tfSXg<!:, iln,Ga,AIi-,-,N|$ 

?9fflLrPN»^*»dG-r*x8tft^T?*D, -t© 

[0 0 13] *&. MfE©IB6*a5*«ffll/T#6n* . 
5. 

[0 0 1 4] I3ta ©Kigali. JJSKtt. In.G* 



B 

A 1 

G a 

1 n 



a, A li-«- T NJi*j8«3tt*|RK:. K*— **SW*n 
P» t H - K >yf * XgR /X «7 * 

[0 0 15] 

[MB] ±BOJ:5fc. Gai-iA 1iN®(0Si^1) 
©»*<£*«•*-*»£, GaRrJA 1 J:D<b»f¥«© 

n,Ga»A li-.-,Nl(0^x,yS l)©il8iiS^(£f * 
BStc. N«k 9 fciTf^g©*^ WAtfP, 
As, S b £8stTJ-f S 1. 'j*iW*liftK:EI8tt£!$*$ 

*.sn*. rtitcj:?), g?fis?LfcEH-r5fes , p©«; 
att^safnTSJit^-e**..*©!!*. te^KRB 
0**16) ©*&v»|gatt©JMfffcfc^¥*lfcP*S 

[0 0 16] *&, ±B©XSC*V>T. S5lC7^-fe 

jUF&pstubPft&fts. 

[0017] r©±5tbT#enfci!sa*^ja-5PN 

— F (LED) Rtf***^— !f (LD) •©aft***** 
[0 0 18] 

[**0N [sntMH Gai-.Al,N|(0SiSl) 
£&tBffcS3tt*&«>l;:. MOCVD 
*m 8B£ffiJSU G8©tffi^tl/TTMG (h 
<) «, AloaS^tLTTMA 

(h'J/fJI'T^S^A) £. N©«»tUTNH» 

(7>^e^7) x!*n 2 tt**f*)-*-wv?n«Bu 
ft. 

[0 0 19] £fc, Gai-. A l«NJBtJ6!l0**XS5c* 
tlT, GafttfA 1 ±9*>iR^¥&©*€ri<UIi;8S7C 
TC311K: II ©**«■&*««* 
f. #§W60!I1T«, Sltc^UfclllftTC^©*^ 

MI <HJ;WW>$>tfZ0 Sffifflbft. 
[0 0 2 0] 
[*1] 



0 . 8 8 

1 . 2 6 
1 . 2 6 
1 . 4 4 



[0 0 2 1] fflftfc. 7>F-7iieSS®ii (Aft) f 50 **£fc"3lr>TKWr5. 
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[0 0 2 2] MOCVD»ffrtTGaAs£fi±teTM 
G, TMAWNH 3 ^MU |RI:TMI» 
U I nO«S«SH^l x 1 0 18 cdt»*»6 1 x l 0 2 3 cm 
■"CMGai-.A l.NJI (x=0.50) *J6S*Ufc. 

I niSfe&U x i 0 17 cr»*^6 1 x l o 23 cnr 3 £T 
©ttH^S^S^aiSJ&W^bT^S. *UT, I ni 
W1X 1 O 21 cr 3 0££lCgfi«^SStel X 1 0 16 

u^i&G<DS&n?®&wi x i o^cm-m±r$>^tz 

1 0 0 O»0 1HT»>lfci:<!:^»lTl^o T 
ftfctft^JiSO^a^fiffftGai-iAliNJi (x = 

o.5o) ©»a#»enfcc££suT^s. 

[0 0 2 4] R«©ftfrT?GaNHRtfAINJi*jaEfi 
SttfctCl^ tn**l a 1 x 1 0 16 cm 
- 3 ^^3Xl0 16 cr 3 ^fiiTt/:„ fot, £TCD 
;(0^x^l)(DGai-iAKNIt:o^T, In 

[0025] Na!ieft4aifir*«^Ko^TK 

[0 0 2 6] ±IBtH*©ftfrTI n*Wnba:*fSG 
ai-.Al.Nl^t^BI:, Ht-ffift^LT 
SiH 4 «X^ S i OSMl X10 19 cnr 3 @gch&5 
iifcH-fcr^UfciJlS, 2 0 0 0cidVV'S^ 
ft*£*tr*Nffl«B (N££*£!t§j£) **»Stt, I 

[0027] ps$£f B (Pse«s«A) £K® ^ 

[0 0 2 8] MOCVDggrttGaAsMmM 
GRtfNHiftftftU W»tInO>tt«ia«lXl 
0 16 cm" 3 ^e 1 X 1 0 23 cnr 3 K££cfc'5K:TM I 
U HfcffSSSK:* 7*-fe^-^IC«ltL,TDMZn 



[0029] ^2 tr> »sn&pffliies+©iSttfl2b&* 



*79M.79-*BUi* I n«iOB«S*t. H2fl> 
5 fc> InSS^lxi0 17 cr 3 ^e»7xl 
0 22 cm- 3 ST©®H^«fcb^7^ir^-2S«^ii 
iQUTV^o -£LT, I riK&tfl X 1 0 21 cm" 3 CD»#lI 
fittfttfc7^t^-M^5Xl 0 18 cm- 3 i:S^fii 
£?kL£o IOI nme4rr«GaNMfiDSIIWB5- 
Onu »VhmtS 0cm 2 A-ST&D, W*®*frT? I n 

[0 0 3 0] SinttlR^SO^S^IIlKTcSKD I n 

[0 0 3 1] 7^-fe^-^F>fi*fcUTZn£W 
fc> Mg> Be^OffiOII^^£ffl^Tfc<fc<, 
<D&#T G a N m *J*ftS *fc t C 5®fita<Z) P Slffi A 

[0 0 3 2] A 1 NBStfGai-iA 1 . NJB (x 

=0.50) sHftoDftfr-cjafis^fca^fe, 79^9 

n&c foL ±T<DjfiJSlfc(0^x^l)©Gai.« A 1 
iNlfcOHT. lniOSJlltiSjSPiStW 

[0 0 3 3] [*»«|2] *JjOS«l2Ttt> Gai-.A 
l,NJi(0SxSl)fe»**Saii:«&6fc, MOMB 

aWTO^XtUTTMG^ A 1 £ LTT 

[0 0 3 4] GaiMAlzNi«HD$n^7ci 

y$m 2 e v«7c*o*#»ft*«*wr. 2 

P, As. RtfSb«S«U #H#X£LT, -ttUF 
nPH 3 > AsH 3 > RtfSbSttffllft. 
[0 0 3 5] 
«2] 



N 
P 

A s 
S t) 
B i 



[0 0 3 6] «J»K> 7>H- 



0.70 
1.10 
1.18 
1.36 



?Z>%r£\Z ' [0 0 3 7] MOMBEgiftTGaAsSSiC, Jfi 
50 gMS600t:T> TMG, TMARtfNHi*Ml/TG 
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7 

ai-«Al,NJB£ (x=0.30) SSL, COiKS^^V 
mm (P, AsXteSb) ©JBSEttH^l x 1 0 16 ce 
- 3 ^S l x l 0 23 cnrM;:&5<fc5lC, PHa, AsH 3 , 

[0 0 3 8] H3«C#6nfcilSftf©Sa*^S«i:, 
P, AsXtfSb««i0H«ftiR1\ B3sS»6W6* 
ftcfcifc, P, AsStfSbM^lxi O^cr^S 
1 xi 0 2 3 cm- 3 £Ttf>$gfflT, B*«^«8*«ifc[>l/t 
Vi5. ^LT, PCD#&tt«gtf*4X 1 0 21 cnf 3 CD<h# 

SJSnUft^ifr&oifia^ x i o iB cHr a a±T? 

sawn o o o»oiaTte**u&2itt*»i/T^ 
/a (x=o.3o> o*Mi«s»snfcc:t*sftUT^*. 

[0 0 3 9] R«©*fr-CGaNJBXtXA 1 NJBSdtfi 
£itfc£e:3> P> AsWSb8SdUxi0 16 cr 3 
3^6 1 x 1 0 23 cnf 3 £Ttf>$5ffiT, ^tV^ng&S^ig 
**tt«Tefc. fct, £Ttf)&j&J£( 0^x^1)0 
Gai-iAhNi^^T, N±0 ^ 

[0 0 4 0] NS&iifcffigt'S^K^TlH 

[0 0 4 1] ilBi^fliOifefrTNctD'fcS^gO* 
#V»V*!7C**«llPl/tt3W6G ai-i A 1 x N/g£^fi$ 
ttSISK:* F±-^#E«j£bTS i H4#*£, S i 
Bfttfl xl0 19 cr 3 @St^^^^{cK~tf>^b^i: 
2 0 0 0ciaW- S©»»ffS«-r*Nl!«a39« 

[0 0 4 2] ^tc, PS|gil*«JB-r**^«to^TK 

[0 0 4 3] MOMBEgfl^TGaAsMil:, T 
MG> TMAWNHsWlTGaiMAl.Ni (x 
=0.30) £j**U HWNC£0Gai-i A l.NJB + O 
P. AsX«Sb<0«*IBffl#l x 1 0 15 coi- ! ^6ix 
1 0 2 3 cnr 3 f;:&££5i;:> PH 3 , AsH 3 , XteSbS 

[0 0 4 4] H4I:, »Sn&»»*OSttftbfc7^ 
■fe:7*-»g*\ P, A sS^S big££0H5«£7K 
•To BU^&fc^-SJcSfc, P. AsRtfSbiBflE#l 
x 1 0"cr'A>& 1 x 1 0 23 cr 3 S^O$5aT, gttft 
L&7^-fe^-JME«»*tDLT^«. ^bT, P0« 
*tt»*39*l x 1 0»car>CD«pC»ftft;Ufc7^-fe^ 
Hft*#l. 1X1 0 19 cm- 3 tS±fil2:^L^o rcDP 
St G ai.« A 1 1 NlOffift* 5 Qm, »Wl 
ft»8 Ocm'A-ST&D, HttDfcfrTNiDfcfll^* 
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[0 0 4 5] cn»4Nctot>JK?*ff©**vsvuec* 

[0 0 4 6] 7^t^-MtlTZnM 

i0 -rGai-.Al.NJBtaft***:^*, P. A s Xtt 
S b fcgsJDfS £ fcfcj; 0ffiJSSt©PSHSfi^#6n 

fc. 

[0 0 4 7] *&, AlNJBS^GaNHSHSO*!* 

s s b ©sflifcck o t p ae ami &n&. 

SEoT, ±T(DmSit(0^x^l)C0Gai-x A It Nil 

[0 0 4 8] Sfe, In,Ga,Ali.:-TNI(0^y 

T, W«©*frTJfc*Stf&£2:5. Gai-iAl.NJB 
< o £x£ l ) 0 t>£ £ CAffttttftftsft 

fc. *S«fi«!l2lr*W*IS*J4, Gai-.A 

l.NJB(0£x^l)£ I ni G a y A l,-.- T N«(0£i, 

y£l ££fc<k?K s stains to 

[0 0 4 9] H±©***!ll. 21?aMOCVDglX 
»4MOMBESB*5pJfflL&*t, MB E «mSXfcf^ 
*3"H» £E*«6>tt0£nT«J:». Ga> A 1 
^ N©«», GaS^A I J: D lr> 1 1 lift 

tRfcOHTfc, GaAsIteWCSi, InP, Ga 

[0050] busm 3 ] ^ssM2(c e fcoT / #en^k 

^*#»*ft«fflbT, H5(a)-(b)CSt*i*l/- 
[0 0 5 1] SI", MOMBESffiTN^GaA sS 

49 &3 o i Mg6 o ot^-einrt&u tmg, Ni, 
S IH«»tfPH3**Mfrl'T. NfflGaN*&tt*/ty 
7ri3 0 2**©J»a^0. 2 j&mfc&S<k5fcJ«fi 
$-fr£o ;V;7 7B3 0 2 1J21H±^«» 

[0 0 5 2] &K:> H5 (a)K»f Jt5fc» TMG, 
N 2 > S i H4arXPHs£«l&bft:S*-C*6iCTJ^A 
<&GyS£BBJ&U NIGai-iA 1 x NH (x=0.30) S 

KB3 0 3fe»ja6-ra. 

5» [0 0 5 3] *fC> TMG, N 2 Sr/P H 3 
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TMAXtfS i H4<0««*#±U GaNi^ 
*OJS*^0. 1 jKmifc*±3fcj8*3tfT, SttJB 
3 0 4«t^o ££T?tt»ttJB3 0 414, Rff^CT 
MA&MLT^^^Gai-iA hNlt^^tfe, 

[0 0 5 4] TMG, MfttfPHsSftl&l/ft* 

S6CTMAarXDEZnOft»tll»U PS! 
Gai-iAhNS (x=0.30) 1 umift 

SiSfcrtfiStfT, PS?77Pi3 0 5e»lSt 

So 

[ 0 0 5 5] ^5 (b)IZ^1- < fco(3> TMG, 

Ni. PHiWDEZn«fl»l/tt«TMA09» 
£#itLT, Pi!GaNJBft*0JP;S#O. 

So 

[0 0 5 6] J»ViT, P8!«ffi3 1 0 2i«NS!«a3 1 
l£fflJB;*-tt\ ^n{iJ;0gi5(c)ic^T¥«*l/-1f 
^^STTSo E^Tf, PHjtt^TOlOjSfi^lC 
*^T-t0««»il x 1 0"cr s g«fcft*J;3Uft«& 

[0057] *B«aio**#i/-if 

S^fcpJtgT&So 2HI£Jl±C0jSS^fflViT* 
SttSfWT* £ 1 t> *JtiT&So 
[0 0 5 8] Sfc, Gai-x A 1 1 N«<&fflj£Jfcx £SBS 

fe«kK G ai-xA lxNIlOjsfiftNflCRIHrK: I n 

©WBtfXSflH&bT, I mGarAli-.-rNKO^ 
x,y£l)£LTJfcfiSi*TfcJ:^ 
[0 0 5 9] S&fc, £5y HB3 0 3Rtf3 0 50G 
ai-iA liNJiXHI niGayA 1 i-i- T NflOfijSJt 

SCHiiWGD I N-SCHKHSfeBjIBTfc 
So SttJB3 0 4Jc^^Tfea j F#F*ifia»* 

[0 0 6 0] xmmmns&^mz&vfim'zntt^m 

0nm#jfi^ofc fl )tili*«3mWTSo« 

[oo6i] mmom&fim-c* isttjf 3040 



(6) 4$M¥5-2 4 3 6 1 4 
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3 6 7 nmtMU LED fflH6^-f*-H) fcbT 

[0 0 6 2] ' 

tt, KT*«#GaJt»A 1 J:Dfe**^llI«7C*6 
iiDtTGai-iAhNKO^x^l)^ 
*S*Wck0fe**^Vfll7C#S*ftIbTI niGayA 
li-.-TN)B(0Sx l ySl)*l«fta«©Tf, A&tttf 

[0 0 6 3] «FfcH*S2RaW*ffl5E«Ofl: 

[0 0 6 4] £fc, »fC»*a3Rt;»*3B6Ettt7>ft 

t#s p seji&as e ttf-vi*. 

[0 0 6 5] »fC«f*ffl7-||*a9E«©ft:* 

So 

[0ffi©fB*ftIK9§] 

[HI] Gai-«AIiNJB(x=0.50)*OI n«*ta 

[03] I n«Ga,A li-i- ? NJl(x=O.3O)+0P, A 

30 [04] 7^-fe^-^*B***flIl/&I nxGay A 1 
i-«-,NJB(x=O.3O)*0P, As&tfSbiflEtgttft 

[0 5] *S!W©*ftJC±'3T»ifiSn«fl:^ft^*# 

HW0WSII] 
301 GaAsSK 
30 2 ftyyyM 
30 3 VvyYM 
304 Sftfl 
4? 3 0 5 i/yyVIB 
3 0 6 3>*^h/I 
3 10,311 Sffi 
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&HMF5- 2 4 3 6 1 4 




[H4] 




(8) 
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